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News
a peak vr

i = -0.38 cm/μs in the chamber upstream of the solenoid. 
The CAPS Al+-e- plasma (np = 1012 cm-3, Tp = 20 eV) is injected 
with supersonic ion velocity vz

i = -3 cm/μs into the solenoid. The 
FEPS injection fi lls the drift region upstream of the solenoid, but 
the magnetic fringe-fi eld keeps the highest np off-axis. The CAPS 
injection fi lls the solenoid up to r = 5 mm and continues to expand 
upstream. The plasmas from the two sources overlap so beams would 
not encounter plasma-free regions, except at large radii within the 
solenoid.  Future simulations will study whether a difference in beam 
bunching is evident when these more realistic plasma profi les are 
employed, rather than the idealized profi les for which we predict 
25,000× compression.  

–  Adam Sefkow

New consequence of relativity yields “warp-
speed” computations

Relativity theory states that no matter what speed you choose 
for your spaceship, slow or close to light speed, the laws of physics 
always look the same. Yet, we have discovered that the “complexity” 
of some physics calculations is not the same at all speeds. 

The number of computational steps required to simulate a problem 
grows not only with its overall size and duration, but also with the fi ne-
ness of its details; it depends on the full range of scales involved, from 
small to large. If the laws of physics don’t change with the speed, or 
“reference frame,” of the observer, one might think that the range of 
scales shouldn’t change either. However, one can imagine two objects 
that interact as they pass by one another at relativistic speeds. Each 
object has a certain overall length and also a certain size for its fi nest 
details. Relativity theory says that an observer in a different reference 
frame would see these scales altered by relativistic length contraction 
and time dilation. We found that the overall range of scales would 
change too, and potentially quite dramatically for the most high-speed 
interactions. Moreover, there’s always an optimal frame in which the 
range becomes smallest. Consequently reasearchers may be able to 
speed up some of their calculations immensely, merely by recasting 
them in the best frame of reference.

For an example where a dense beam of protons passing at nearly 
the speed of light through a cloud of electrons, a Particle-In-Cell 
calculation using the HIFS-VNL code Warp required about 5000 time 
steps in the optimal frame, compared to more than fi ve million in a 
frame fi xed on the electron cloud. For other simulations involving the 
intense interaction of laser light with matter, as in free-electron lasers, 
the simulation speed may be improved by a million times or more. 
This work was published in the 30 March Physical Review Letters, 
available at http://link.aps.org/abstract/PRL/v98/e130405. This note 
was adapted from a news story written by M. Buchanan in Physical 
Review Focus, published by the American Physical Society, available 
at http://focus.aps.org/story/v19/st10.

– J.-L. Vay

25,000× beam density compression may be 
possible on NDCX with new 8 T solenoid

The Neutralized Drift Compression Experiment (NDCX) 
studies simultaneous transverse and longitudinal ion bunch 
compression for warm dense matter applications. 2D (r,z) particle-
in-cell design simulations use existing parameters.  A 327.4 keV 
K+ beam with an initial beam radius rb = 1.43 cm, intensity Ib = 
21.5 mA,  ε = 0.126 mm-mrad, and pulse length of 0.7 μs is injected 
into the NDCX, which includes the acceleration gap, ferroelectric 
plasma source (FEPS), 8 T fi nal-focus solenoid, and cathodic-arc 
plasma source (CAPS).  Idealized, time-independent parameters 
are fi rst used to model the FEPS (np = 5x1010 cm-3

, Tp = 3 eV) 
and CAPS (np = 2x1013 cm-3, Tp = 3 eV) plasmas, to evaluate the 
compression for the case of nearly complete neutralization.  Simu-
lations predict a spot size  rb = 0.5 mm (at 1/e of maximum  beam 
density nb) with peak nb = 4x1012 cm-3 at the focal plane, and the 
axial compression factor is 55 due to a 10% velocity tilt, for a total 
compression factor of 25,000.

As  a second step, we ran simulations in order to assess the 
plasma fl ow profi les from the sources, as depicted in Fig. 1.

  The FEPS plasma (np ~ 1010 cm-3, Tp = 20 eV) is injected with 

Fig. 1. Simulation set-up of plasma sources near the  solenoid. 
(top) The FEPS plasma is injected radially upstream of the  
solenoid. (bottom)  The CAPS plasma is injected downstream 
of the  solenoid.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


